Abstract
Introduction
Global warming and climate change are serious environmental problems today. The high level of emissions from carbon dioxide (CO 2 ) and other greenhouse gases is the main contributor to these global problems. The combustion of fossil fuels and other human activities are the main reasons for the increased atmospheric concentration of CO 2 . In this scenario, CO 2 contributes to climate change with potentially irreversible negative impacts on the world economy once it is released into the atmosphere as a byproduct of the consuming of fossil fuels .
In this context, industrialized countries have started to arrange important environmental agreements and agendas to decrease and control the atmospheric concentration of greenhouse gases emissions since the early 1990s. For instance, the United Nations Framework Convention on Climate Change (UNFCCC), which was adopted in May 1992 and opened for signatures a month later at the United Nations Conference on Environment and Development in Rio de Janeiro, Brazil, is one of the best-known environmental conventions. The ultimate aim of UNFCCC is to reduce CO 2 emissions across countries to combat global climate change and the greenhouse effect, which are caused by high concentrations of CO 2 in the atmosphere. Additionally, the Kyoto Protocol has extended the UNFCCC. Initially adopted on December 11, 1997, the protocol's major feature is that it sets binding targets for reducing greenhouse gas (GHG) emissions for 37 industrialized countries and the European community. In accordance with the Kyoto Protocol, signatories from developed countries were committed to reducing their combined GHG emissions by at least 5% from their 1990 levels by the period of [2008] [2009] [2010] [2011] [2012] . Finally, the 2015 United Nations Climate Change Conference, held in Paris, France, was an important arrangement. It was also the 21st yearly session of the Conference of the Parties to the 1992 UNFCCC and the 11th session of the Conference of the Parties to the 1997 Kyoto Protocol.
Based on the aforementioned developments, scholars have started to employ empirical studies on per capita greenhouse emissions to find effective solutions and to develop policy instruments that will increase environmental quality. In this respect, convergence issue in the environmental economics has gained empirical concern among scholars. Convergence holds if countries with low per capita emissions increase their emissions while high per capita emissions countries decrease their emissions (Romero-Avila, 2008) . In other words, the equal allocation of emissions to all countries on a per capita basis indicates the existence of convergence (Westerlund & Basher, 2008) . In particular, scholars have focused on convergence in CO 2 emissions because CO 2 appears as the main cause of global warming. Furthermore, analyzing convergence in per capita CO 2 emissions (PCE hereafter) is crucial for the following reasons.
First, the detailed explanation and evolution of per capita emissions over time is critical to the development of relevant emissions projection models and sufficient policy responses (Stegman, 2005) . The projection models concerning the formulation of emission abatement strategies to combat climate change assume emissions convergence (Romero-Avila, 2008) . Thus, convergence is accepted as a key tool for long-run CO 2 emissions projections (Westerlund & Basher, 2008) . Furthermore, the stationary relative per capita CO 2 emissions (RPCE) series indicates that it is possible to forecast future movements in RPCE based on its past behavior. CO 2 emissions forecasting is critical for an appropriate climate policy response. Second, there is a close relationship between economic development, environmental protection, and energy consumption. Energy consumption leads to increases in the atmospheric concentration of 2 CO emissions.
1 Therefore, determining whether RPCE series is converging provides information about government action for controlling the atmospheric concentration of emissions. If convergence does hold, the government should not interfere excessively with countries that reach convergence in their RPCE series given that relative CO 2 emissions series only deviate from their mean temporarily (Lee & Chang, 2009) . In this case, the government's administrative policy should not be to adopt unnecessary targets. Instead, the government should pay attention to the longrunning trends in CO 2 emissions.
Based on the explanations above, we aimed to test the stochastic convergence 2 for the OECD sample, which consists of 28 countries over the period of 1960-2013 by using two-step LM and three-step RALS-LM unit root tests that were developed by Lee et al. (2012) and Meng and Lee (2012) , respectively. To our knowledge, there is no study using them to test for the convergence hypothesis in PCE. We contribute to the literature by employing cutting-edge unit root tests. These two tests are more powerful than other endogenous unit root tests. First, endogenous unit root tests depend on the nuisance parameter describing the break under the null, and they assume that breaks are absent under the null to eliminate the dependency on nuisance parameter. However, as proposed by Nunes, Newbold and Kuan (1997) , Strazicich (2003, 2004) , and Lee et al. (2012) , these endogenous unit root tests may lead to spurious rejections under the null when the magnitude of break is not zero. Therefore, rejection of the null hypothesis in these endogenous tests does not indicate a trend stationary series with break and the possibility of unit root with break still remains. However, the LM tests with trend-breaks applied in this study are invariant to nuisance parameters since a transformation procedure is adopted and thereby, they allow for trend-breaks under the null hypothesis. In addition, as a first step, the LM tests employed in this study jointly determine whether and where structural breaks occur in the data, whereas existing endogenous unit root tests always find and include the number of breaks that are pre-specified in the model (see Lee et al., 2012) . Besides, as suggested by Lee et al. (2012) , the proposed two-step LM unit root test accurately identifies breaks and has better size properties.
As a second unit root test, we employ the RALS-LM test that has improved power with non-normal errors and is fairly robust to some forms of non-linearity (see Meng et al., 2013) . However, as proposed in Meng and Lee (2012) , the specific form of non-linearity in the real world data is rarely known. In this case, the nonlinearity tests are often less powerful than the Dickey-Fuller type linear tests. However, the RALS-LM unit root test is based on the linearized model specification, and thus it will not be subject to this difficulty. Besides, a simple transformation of the data which eliminates dependency on the trend breaks is adopted. Thereby, the same critical values can be used at different break locations. Thanks to this transformation, the nuisance parameter and spurious rejection problems are solved. In addition, the proper number of breaks is determined from the data in the RALS-LM test, whereas other endogenous break unit root tests usually find and include the number of breaks as pre-specified in the model. As sum, by employing the transformed LM and RALS-LM unit root tests, we remove test statistic's dependency on nuisance parameter which many endogenous break unit root tests have.
The remainder of the paper is organized as follows. Section 2 is a literature review. In section 3, we explain our data and methodology. Section 4 provides empirical results. We then conclude the study in the last section.
Literature Review
Many studies have tested for convergence in per capita GHG emissions, especially CO 2 . However, they do not reach a consensus because they use different country samples, time periods, and methods. The first strand includes studies that have employed conventional univariate and panel unit root tests. For instance, Strazicich and List (2003) , using the IPS (Im, Pesaran, & Shin 2003) panel unit root test, tested both the stochastic conditional and convergence types in 21 industrial countries over the period of 1960-1997. Their results provided evidence of convergence. Applying the DF-GLS unit root test developed by Elliot, Rothenberg and Stock (1996) , Aldy (2005) tested the cross-sectional and stochastic convergence hypotheses for 88 countries and a sub-group of 23 OECD countries for the period of 1960-2000. The author obtained mixed support for the stochastic convergence for the OECD sample.
In the second strand, researchers allowed for structural breaks in the frameworks of univariate unit root tests. For instance, List's (1999) seminal paper employed a unit root test that was based on the trend break model of Perron and Vogelsang (1992) . In the study, List examined the convergence of per capita emissions of nitrogen oxide and sulfur dioxide for the 10 energy Environmental Protection Agency regions of the United States over the period of 1929-1994. The results indicated that stochastic convergence for both air pollutant emissions held for only two regions. Lanne and Liski (2004) employed an additive outlier model through unit root tests that allow for breaks for 16 OECD countries over the period of 1870-2002. They found that 10 out of 16 series were stationary. In their study, employed a suite test statistic, proposed by Sen (2003) , to study 21 OECD countries within the period of 1960-2000. The authors obtained results favorable to convergence in RPCE series. Chang and Lee (2008) employed LM unit root tests developed by Strazicich (2003, 2004) The third strand of studies has applied panel unit root tests allowing for structural breaks and/or cross-sectional dependence when testing for convergence in RPCE. First, Barassi, Cole and Elliott (2008) employed a battery test that allowed for crosssectional dependence when testing for convergence in PCE among OECD countries for the period of 1950-2002. The authors found that RPCE series did not converge. employed the panel SURADF unit root test, developed by Wallace (2001, 2002) , to test for convergence in RPCE series among 21 OECD countries from 1960 to 2000. The overall results indicated that convergence was supported for nearly one-third of the countries. Furthermore, Westerlund and Basher (2008) found evidence favorable to the convergence in RPCE series for 16 industrialized and 12 developing countries over the past century by using panel unit root tests that controlled for cross-correlation through a factor model. Westerlund and Basher (2008) also employed the panel unit root tests of Phillips and Sul (2003) , Moon and Perron (2004) , and Bai and Ng (2004) to test for convergence in RPCE series for 28 developed and developing countries for the period 1870-2002. The authors provided strong support in favor of convergence.
In this strand, there are also some studies that employed panel unit root tests with structural breaks. For instance, Romero-Avila (2008) , using the KPSS panel unit root test developed by Carrion-i-Silvestre, Barrio-Castro and Lopez-Bazo (2005) , tested the validity of both the stochastic and deterministic convergence hypotheses. The results were generally favorable to the both convergence types in RPCE series The fourth strand of studies used a nonparametric approach to convergence. For instance, Nguyen Van (2005) , who employed nonparametric methods to examine the convergence of RPCE series in 100 countries for the period of 1966-1996, reported that industrialized countries exhibited a convergence pattern, although he found little evidence of convergence for the whole sample. Aldy (2006) (2007), who examined the spatial distribution of PCE in 87 countries over the period of 1960-1999 using a nonparametric approach, found that there was convergence over these 40 years but that it would not continue indefinitely. Stegman (2005) employed the stochastic kernel estimation of the intra-distributional dynamics of cross-country PCE over time and attained little evidence of absolute convergence across countries.
The fifth strand includes studies that employed nonlinear unit root tests to test for the stochastic convergence. Yavuz and Yilanci (2012) analyzed convergence in RPCE for G7 countries by employing the threshold autoregressive panel unit root test spanning the period of 1960-2005. They found that convergence held only during the first regime, while divergence was confirmed in the second regime. Camarero, Mendoza and Ordoñez (2011) (2015) examines GHG emissions convergence among the G7 countries, using the pairwise testing technique along with a number of unit root tests proposed by Pesaran (2007) for the period between 1990 and 2011. However, their results do not confirm the hypothesis of convergence. Li and Lin (2013) investigate the convergence in PCE for 110 countries over the period 1971-2008, applying generalized method of moments (GMM) approach. The results manifest an absolute convergence within subsamples grouped by income level, while provide little evidence of absolute convergence in the full sample. Herrerias (2012) analyzes the convergence issue in PCE across the EU-25 countries from 1920 to 2007, using the distribution dynamics approach. It supports the hypothesis of convergence of carbon dioxide emissions across the European countries.
Data and Methodology

Data
The primary data used in this paper for 28 OECD 3 countries were the annual PCE measured in metric ton, which were taken from the World Bank, World Development Indicators (WDI, 2015) database. The country sample and time interval were dictated by data availability.
In designing a precise examination indicator, we followed Aldy (2005) , Chang and Lee (2008) , , 2009 ), Nguyen-Van (2005 , Romero-Avila (2008), and Strazicich and List (2003) , who used Carlino and Mills' (1993) methodology to test for the stochastic convergence in RPCE. Carlino and Mills (1993) examined the convergence of per capita income for eight regions in the United States by calculating the log of the ratio of per capita income relative to the average per capita income of United States and then conducting a unit root test. Based on this methodology, we calculated a yearly sample average for the 28 OECD countries under study and then took the natural logarithm of RPCE for each country i as follows:
( 1) where is the PCE for country i and average is the yearly average value in the sample span. Searching for the unit root in (RPCE) provides a clear conclusion about whether stochastic convergence holds. Moreover, as stated by Chang and Lee (2008) and Nguyen- Van (2005) , some common trends in emissions are avoided thanks to this relative measure of per capita CO 2 emissions.
In general, there are three different types of convergence, stochastic convergence, convergence, and convergence, addressed first in the growth literature and then in the environmental literature (Jobert et al., 2010; Panopoulou & Pantelidis, 2009 ). However, we focused on stochastic convergence in this study. Stochastic convergence indicates that the effects of temporary shocks on RPCE dissipate over time or, likewise, that the time series does not possess a unit root (List, 1999) . As such, a unit root in the log of RPCE indicates that a given country's RPCE does not converge stochastically toward the sample average because shocks to RPCE cause permanent effects. The conventional way to test for the stochastic convergence is by employing the unit root tests. In the econometric framework, stochastic convergence holds if the log of RPCE trends stationary. From the economic policy point of view, stationarity implies that the effects of the reduction or the recondition policies of CO 2 emissions are temporary over time, and series will revert to a trend path in the long run. As such, controlling the mean value of trend paths in the long run is a crucial target of all countries rather than creating a transitory reduction in the short run .
Aside from stochastic convergence, convergence indicates a reduction in the spread or dispersion of a data set over time, whereas convergence is supported by the existence of a negative relationship between the growth rate of the variable of interest and its initial level. 4 In addition, the cases of conditional and unconditional convergence can ascertain whether convergence takes place after controlling for country-specific characteristics, which helps determine differences in steady state emission levels. We first plotted the log of RPCE for each country under scrutiny to provide a visual inspection. As seen in Figure 1 , there is a gradual narrowing of cross-country disparities in RPCE across OECD countries, indicating a converging pattern.
Figure 1. Plot of logarithm of RPCE for 28 OECD countries
However, a visual inspection is not enough to come to a clear-cut conclusion about whether convergence holds. Thus, we need to conduct a formal test using unit root tests. In addition, we decided to allow for breaks in the unit root testing process due to the following reasons. First, our data spanned over 40 years and coincided with important events that created crucial shifts in the trend ways of emissions series such as the first and second oil crises in the 1970s, the Earth Summit in 1992, and the Kyoto Protocol in 1997. In addition, structural breaks can be derived from changes in the degree of environmental-control legislation, changes in the political system, or fluctuations in energy prices. For instance, Romero-Avila (2008) suggested that the 1970 and 1990 amendments to the Clean Air Act, the Council Directive on Limitation of Emissions of Certain Pollutants from Large Combustion Plant, and a final amendment affecting European Union countries were the main policy intervention shocks that may have created significant breaks in the trend of RPCE levels. 1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 
Methodology
We allowed for structural breaks in unit root tests based on the idea of Perron (1989) . Perron (1989) stated that if there is a structural break, the power to reject a unit root decreases when the stationary alternative is true and the structural break is ignored. After that, many scholars, such as Zivot and Andrews (1992) , Lumsdaine and Papell (1997) , Vogelsang and Perron (1998) , and Strazicich (2003, 2004) , have developed different unit root tests to account for structural breaks. However, we employed recently developed univariate unit root tests, the two-step LM test and the three-step RALS-LM test with breaks.
We can explain the methodologies of the tests employed based on the studies of Lee et al. (2012) , Meng and Lee (2012) , and Meng et al. (2013) . First, based on the unobserved component 0representation, the following data generating process (DGP) was considered:
,
where includes exogenous variables. If , a more general model that allows for both level and trend shifts is obtained. Additional dummy variables could also be included to take multiple breaks into consideration such that: 
where . The unit root test statistics were obtained from the following regression:
where t S represents the de-trended series as
Here, the coefficient was obtained in equation (4) using the first differenced data and
In doing so, the dependency on nuisance parameters was removed from the crash model. However, the dependency on nuisance parameters in the trend-break model cannot be removed through this de-trending procedure. The usual LM tests for the trend-break model depend on 
T T T   
However, as stated in Lee et al. (2012) , the following transformation removes the dependency of the test statistic on the nuisance parameter.
(7)
Then, in equation (5) is replaced with as follows: In addition, we also employed the RALS-LM unit root test, which was developed by Meng and Lee (2012) , to utilize the information on non-normal errors and to further improve the power of the transformed LM test statistic . In the RALS procedure, the following term, , was augmented to equation (8). (9) where and
The second and third moments of were included as to capture information of non-normal errors. Then, by letting , the augmented term could be defined as such: (10) The augmented terms were obtained from the redundancy condition that implies knowledge of higher moments are uninformative if ; augmented terms were obtained from the redundancy condition. The redundancy condition was only satisfied with normal distribution. In case of non-normal EJBE 2016, 9 (18) distributed error terms, this condition was not satisfied, and therefore, the efficiency may be increased by augmenting equation (8) 
Empirical Results
The model with at most two level and trend breaks was considered in the study. In the first step of the two-step LM unit root test, a maximum structural break number R was defined, and the max F test was applied to identify the break locations and to test the significance of each break with optimal lags. We turned back to the beginning of the first step with break numbers equal to 1 R  , when the null of no trend break is not rejected or when one of the break dummy variables is not significant in case of the rejection of no trend break. This procedure continues until the break number equals to zero, or all the identified break dummy variables were significant. The usual no-break LM unit root test of Schmidt and Phillips (1992) was employed if the break number was equal to zero from the first step; however, the one-break (or R-break) LM unit root test of Amsler and Lee (1995) and Lee and Strazicich (2003) was employed in case of one or more breaks with the break number, location, and the corresponding optimal lags identified in the first step. After that, the LM statistic, , is obtained. Regarding the RALS-LM test, its first two steps were the same as the two-step LM test. In the third step, the higher moment information attained from the second step was used and augmented to the regression of the two-step LM test. RALS-LM test statistic was denoted as . The grid search within 0.10-0.90 intervals of the whole sample period was used while searching for the optimal number of breaks.
As a preliminary check, we first employed Augmented Dickey-Fuller (ADF) test of Dickey and Fuller (1981) , the LM test of Schmidt and Phillips (1992) , and the RALS-LM test without breaks. The results are reported in Table 1 .
As seen in Table 1 , the unit root null hypothesis was rejected for six countries (Austria, Canada, Denmark, Iceland, Italy, and Switzerland) in the ADF test. For the other 22 countries, RPCE appeared to be stationary. In the case of the LM test, RPCE was stationary for only three countries (Austria, Canada, and Denmark); however, the null of nonstationarity could not be rejected for the remaining 25 OECD countries. Finally, for the RALS-LM test, RPCE is stationary for only six countries (Austria, Belgium, Canada, Denmark, Finland, and Israel), whereas the null of nonstationarity could not be rejected for the remaining 22 OECD countries. Notes: is the optimal number of lagged first-differenced terms and we didn't report values again because they are same both for the LM and RALS-LM tests. indicates the augmented Dickey-Fuller test statistic, whereas and are the test statistics of the LM and RALS-LM tests, respectively. The critical values for the ADF test are -4.159, -3.501, and -3.183 at 1%, 5%, and 10% significance levels, respectively. The critical values for the LM test with no break are -3.693, -3.088, and -2.792 at 1%, 5% and 10% levels, respectively. Also, the critical values for the RALS-LM test are tabulated in the last three columns in Table 1 . The critical values were obtained for 50 observation numbers for all tests through 100000 iterations. The optimal number of lags is chosen using a general to specific method with the maximum lags equal to four. , and c indicate significance at 1%, 5% and 10% levels, respectively.
Overall, the unit root tests without breaks generally provided evidence of divergence in RPCE series. However, because allowing for breaks in unit root testing procedure may change the results, we employed the LM and RALS-LM tests with breaks. The results of the tests with two breaks are provided in Table 2 . As displayed in Table 2 , in the case of the LM test, the null of nonstationarity was rejected for 20 OECD countries, whereas only eight countries (Iceland, Italy, EJBE 2016, 9 (18) Luxemburg, Mexico, Poland, Spain, Turkey, and the UK) have nonstationary RPCE series. Besides, in the case of the RALS-LM test, the null of nonstationarity could be rejected for 22 countries. Therefore, it could be suggested that allowing for breaks changed the results from divergence to convergence. are the test statistics for the LM and RALS-LM tests, respectively. is the optimal number of lagged first-differenced terms.
denotes the estimated break points. The test statistics are invariant to the location of trend breaks because transformed tests are implemented.
a , b and c denote the significance of the test statistic at 1%, 5% and 10% levels, respectively. As the LM test and RALS-LM test share the same procedure when searching for the break points and the corresponding optimal lags, the break dates were reported only one time to save the space. The optimal number of lags is chosen using a general to specific method with the maximum lags equal to four. The critical values for the LM test are -5.008, -4.373 and -4.0613 at 1%, 5%, and 10% levels, respectively and were obtained through 100000 iterations for 50 observation. The last three columns provide critical values for the RALS-LM test.
n denotes insignificance of break dummy.
The results of the LM and RALS-LM tests were similar. Furthermore, for Japan, Norway, Spain, Sweden, and the United States, one of the breaks identified for each country was insignificant at the 10% level. Therefore, a one-break unit root test appeared to be more appropriate for these countries. However, we employed additional one-break tests for all countries to examine the impact of including two breaks instead of one; the results are reported in Table 3 . Notes: and are the test statistics for the LM and RALS-LM test, respectively. is the optimal number of lagged first-differenced terms. The optimal number of lags is chosen using a general to specific method with the maximum lags equal to four.
denotes the estimated break points. The test statistics are invariant to the location of trend breaks because transformed tests are implemented. a , b and c denote the significance of the test statistic at 1%, 5% and 10% levels, respectively. Since the LM test and RALS-LM test share the same procedure when searching for the break points and the corresponding optimal lags, the break dates were reported only one time to save the space. The critical values for the LM test are -4.409, -3.780 and -3.483 at 1%, 5%, and 10% levels, respectively and obtained through 100000 iterations for 50 observation. The last three columns provide critical values for the RALS-LM test.
As tabulated in Table 3 , compared to 20 and 22 rejections for the unit root tests in the case of two breaks, 12 and 13 countries rejected the null hypothesis of a unit root in the cases of one-break LM and RALS-LM tests, respectively. In case of the LM test for Australia, Canada, Denmark, France, Iceland, Netherlands, New Zealand, Norway, Portugal, Switzerland, Turkey, and the United States, convergence in RPCE was confirmed as they had stationary series. In the case of the RALS-LM test, the unit root null hypothesis was rejected, i.e. convergence does hold for Canada, Denmark, Finland, France, Iceland, Ireland, Netherland, New Zealand, Portugal, Sweden, Switzerland, Turkey, and the United States. All of the break dummies were significant at the 10% level or better in one break case.
Concerning the break dates, the breaks, as stated by Romero-Avila (2008) and Lee and Chang (2009) , are related to the relative emission series; thus, we could not define the breaks for each individual country or related events. Based on the definition of the emissions data, a break in the original series may appear as a break in all 28 individual relative series unless the breaks for individual series are ruled out with the breaks exhibited by the average emission series. Therefore, we abstained from detailed explanations of break dates for each country. However, in general, the first break dates of 20 countries occurred in the period of 1965-1982. In the 1960s, the modern environmental movement began with concerns about air and water pollution such as the Clean Air Acts of 1963 and 1965. The first breaks of Ireland, Iceland, Israel, Italy, and Japan occurred in this period. In addition, two major oil crises from 1970-1982 caused some shocks in RPCE because fossil fuels became the main source of productivity in 1970s due to higher oil prices.
Furthermore, as noted, major technological and structural breaks such as the development of nuclear power reduced the demand for oil and led to decreases in CO 2 emissions from the 1970s onward. As such, the first break points of Austria, Australia, Belgium, Finland, France, Netherlands, New Zealand, and the United States occurred during the second oil crisis, whereas the first break dates for Canada, Ireland, Mexico, Sweden, Switzerland, and the UK were related to the first oil crisis.
In particular, the growing international concerns about environmental issues have been discussed among industrial countries since 1988. This environmental consciousness has led developed countries to create many environmental agreements and agendas such as the UNFCCC in 1992, Habitat II (the Second United Nations Conference on Human Settlements) in 1996, and the Kyoto Protocol in 1997. Thanks to these developments, the GHG emission rates, especially CO 2 , have started to decrease. In this context, after 1988, 20 OECD countries (Austria, Australia, Canada, Chili, Denmark, Finland, France, Greece, Hungary, Ireland, Israel, Italy, Luxemburg, Norway, Poland, Portugal, Sweden, Turkey, the UK, and the United States) experienced the second break in the RPCE series. The third energy crisis, which was related to the Gulf War in 1990-91, had some influences in RPCE for Greece, Hungary, Israel, and Poland, whereas some OECD countries experienced breaks in RPCE because of the recession of [1981] [1982] [1983] . For instance, the first break dates of Belgium, France, and Mexico and the second break dates of Netherlands, Spain, and Switzerland occurred during the recession period. Furthermore, breaks occurred in six countries (Chile, Finland, Ireland, Italy, Portugal, and Turkey) Overall, we should depend on the results of unit root tests with breaks because all 28 OECD countries analyzed in this study contained one or two breaks, and all breaks identified with one-break tests were significant at the 10% level. Therefore, our empirical findings provided significant support for convergence in RPCE among OECD countries. Allowing for structural breaks in testing for stochastic convergence was crucial given that the results changed from divergence to convergence when breaks were involved. Our results, which were mostly favorable to the stochastic conditional convergence, accorded well with those of Romero-Avila (2008), Chang and Lee (2008) , , Lee and Chang (2009) , Strazicich and List (2003) , and Westerlund and Basher (2007, 2008) .
In addition, the results mostly favorable to stationarity have crucial economic and policy implications. The stationary RPCE series indicate that shocks to CO 2 emissions series will have only transitory impacts, implying that RPCE will return to its original equilibrium (to the mean emissions level of OECD) over a short period of time after being hit by a major global structural change or shock. Thus, the long-run projection models for CO 2 emissions could be formulated as an emission abatement strategies to combat climate change. Also, CO 2 emissions forecasting can be used as an appropriate climate policy response because it is possible to forecast future movements in stationary RPCE based on its past behavior. Besides, as relative CO 2 emissions series only temporarily deviate from the sample (OECD) mean for most countries, the governments of OECD countries should not interfere excessively with countries that reach convergence in their RPCE series. In other words, the government's administrative policy should pay attention to the long-run trends in CO 2 emissions instead of adopting unnecessary targets
Conclusion and Policy Implications
The issue of convergence in CO 2 emissions is crucial for the aforementioned reasons. We implemented the two-step LM and three-step RALS-LM unit root tests to test for the stochastic conditional convergence for 28 OECD countries within the period of 1960-2013. As a preliminary inspection, we first employed unit root tests without breaks and came to the conclusion that emissions convergence was not generally supported for the OECD countries being considered. We then employed the two-break LM and RALS-LM unit root tests. In case of two breaks, 23 countries had significant break dummy variables, and the stationarity did hold for the 16 and 18 OECD countries in LM and RALS-LM unit root tests, respectively. Furthermore, among the five countries where the one-break unit root test was more appropriate, three countries have stationary series. Based on these results, it can be concluded that stochastic conditional convergence held in most OECD countries under study. Furthermore, our stationarity results indicated that following a major structural change, RPCE series will revert to sample (OECD) mean over a period of time (Lee & Chang, 2009) . In other words, RPCE series for most OECD countries doesn't diverge from mean emissions level of OECD in the long-run. Besides, the following policy implications might be suggested based on these findings. First, as asserted by Romero-Avila (2008) , targeting per capita emissions stabilization and reduction is an effective way to combat global climate change and the greenhouse effect. However, stationarity means that the effects of CO 2 emissions reduction or the recondition policy are temporary over time, and series will revert to a trend path in the long run. Thus, controlling the mean value of trend path in the long run is a crucial target of all countries rather than being a transitory reduction in the short run .
Second, the validity of convergence in per capita emissions among OECD countries convinces developing countries, such as China and India, to accept emissions abatement obligations. Also, as suggested by Westerlund and Basher (2008) , the fulfillment of certain emission goals and commitments by developed countries is a necessary condition for the application of multilateral climate change agreements like the Kyoto Protocol. Third, stationarity indicates that it is possible to forecast future movements in RPCE series by examining its past behavior. Finally, from the viewpoint of government policy, government-designed energy use or environmental protection policies do not have persistent impacts on the RPCE series of OECD countries. Thus, as stated by Lee and Chang (2009) , when CO 2 emissions temporarily deviate from the trend path, the administrative policy of the government should not adopt unnecessary targets because policy actions are not required to return CO 2 emissions to its trend path.
Overall, our results highlight the fact that taking structural breaks in CO 2 emissions level is so crucial in the analysis of convergence issue. Due to shocks in global energy markets, CO 2 emissions series are subject to structural breaks in their mean and/or trend levels. If we ignore those breaks in unit root testing procedure, the divergence hypothesis gains empirical validity for CO2 emissions among OECD countries. However, this result appears to cast shadow over reality. As such, CO2 emissions series converge to the mean emissions level of OECD sample through mean or/and trend breaks in an increasing or a decreasing way.
